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Measurements have been made of luminescence in undoped CdC1 2 
and CdC12 containing small amounts of Br-- or I--ions. The 
intensity, life-time and linear polarization have been measur-
ed at temperatures above 10 K. Only one emission band was ob-
served in each crystal with excitation in the fundamental or 
in the localized excitonic absorption bands, at 2.25 eV in 
CdC12, at 2.65 eV in CdC12:Br and at 2.20 eV in CdC12:I. The 
intensities of these emissions are held constant at low tem-
peratures and decrease rapidly above certain temperatures by 
thermal activation processes. Luminescence in CdC1 2 and 
CdC1 2 :Br is polarized perpendicularly to the crystal c-axis. 
Values of degree of polarization are 0.15 in CdC12 and 0.18 
in CdC12:Br which do not change with temperature. In CdC12:I, 
the value of degree of polarization is zero and also independ-
ent of temperature. Luminescence life-time in CdC12 is 380 ~s 
independent of temperature and that in CdC12:Br and CdC12:I 
is about 10 ~s which shows characteristic temperature depend-
ence. These experimental results will be interpreted in terms 
of the excited states of the complex molecular ions consisting 
of a central cadmium ion and six neighboring halogen ions, 
[Cd2+Br~J4-. 
1. Introduction 
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Cadmium halide crystals except CdF 2 are ionic crystals of the 
layer structure~) The optical absorption and reflection studies on 
these materials have been made by many workers 2 - 11 ). Well defined 
structures appearing on the low energy region of the fundamental 
absorption spectrum are interpreted as excitonic absorption ones, 
which are correlated with the excitation of the halogen ions under 
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the influence of the strong trigonal crystal field. These excitons 
created by optical excitation with uv-light may relax immediately to 
some new quasi-stable states, the relaxed excitonic states, which is 
reffered as the RES in the following, through strong interaction with 
lattice vibrations. Actually, excitation with uv-light in the exci-
tonic absorption bands gives rise to strong luminescence with large 
Stokes' shift at low temperature, which is connected with the radia-
tive decay of the RES 12 - 19 ). In CdC12, the lowest energy excitonic 
absorption band appears at 6.30 eV and an emission band is observed 
at 2.25 eV at temperatures below 150 K. 
By doping small amounts of Br-- or I--ions in CdC12 or I -ions in 
CdBr2, additional absorption bands appear in the low energy side of 
the fundamental absorption edges 20 ,21,22). It has been shown that 
these absorption can be attributed to the creation of excitons local-
ized at the doped halogen ions. By exciting the crystals in these 
absorption bands, one or two emission bands are observed at low tem-
peratures20,21,23,2~). It is known that behaviors of these emissions 
depend not only on the doped halogen ions but also on the host hal-
ogens. In CdC12:Br, the localized excitonic absorption band has 
its peak at 5.68 eV and the emission band due to the doped Br--ions 
appears at 2.65 eV. In CdC12:~, two absorption bands at 5.03 and 
5.44 eV are observed owing to the presence of I--ions. Excitation in 
these bands lead to an emission band at 2.20 eV. 
In the previous report 18 ) which is concerned with the RES in the 
CdBr2 and CdBr2:I crystals, it has been shown that the experimental 
results on the temperature dependence of the luminescence life-time 
and linear polarization in CdBr2 and CdBr2:I are well explained by 
the assumption that the RES in CdBr2 is described by the excited 
states of the complex molecular ion consisting of a central cadmium 
and six neighboring bromine ions, [Cd2+Br6J4-. 
In this paper will be presented the experimental results on lumi-
nescence in CdC12, CdC12:Br and CdC12:I. The luminescence intensity, 
life-time and linear polarization have been measured as a function 
of temperature in the region above 10 K. Some discussion will be 
made on the RES in these systems in terms of the excited states of 
[ 2+ - 4- . . the Cd C16J -complex molecular ions, the symmetry of which 1S D3d 
in the crystals. 
2. Experimentals 
2.1. Samples 
Single crystals of CdC12, CdC12:Br and CdC12:I were grown from the 
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melt using Stockbarger techniques. Special reagent grade powder of 
hydrated salts was dehydrated in vacuum and· sealed into quartz am-
poules. For the growing of CdC12:Br and CdC12:I crystals, the CdBr2 
and CdI2 powders of about 1 mol % were mixed with the CdC12 powder, 
respectively. The concentration check of the doped ions in the crys-
tals used in each measurement was not performed in the present work. 
Crystals were cleaved along the plane perpendicular to the c-axis 
and were mounted on the sample holder of a metal cryostat and were 
cooled by conduction. Temperature of the specimen was controlled by 
a electric heater attached to the sample holder and was measured with 
a calibrated Au:Co-chromel thermo-couple. 
For the polarization measurements, the crystals with surfaces par-
allel to the c-axis were used. The surfaces of the crystals were 
polished with some cotton in ethyl-alcohol. 
2.2. Measurements of polarization 
Thr same experimental set-up as described in the previous paper 1S ) 
was used for the measurements of the polarization characteristics of 
luminescence. The exciting light was incident along the crystal c-
axis an~ therefore, its electric vector was in the plane perpendicu-
lar to the axis. Luminescence intensities were detected in the di-
rection perpendicular to this. Corrections were made for the inher-
ent polarization characteristics of the analyzing system of lumines-
cence. 
2.3. Measurements of life-time 
The experimental set-up for the measurements of life-time was the 
same as used in the previous work 1S ). Excitation was made by two 
photon absorption processes with a 337.1 nm light pulse of short 
duration «10 ns) from a nitrogen gas laser. The exciting light 
) 
pulse was incident along the c-axis and the emitted light was detect-
ed perpendicular to this. Obtained decay curves were decomposed to 
two or three exponential curves in some cases. This was made by the 
graphical method using semilogarithmic section papers. 
3. Experimental results 
In Fig. 1 are shown optical absorption spectra of CdC12:Br and 
CdClz:I and the fundamental absorption edge of the undoped CdC1 2 . 
Measurements were made at liquid nitrogen temperature (LNT). The 
solid and dashed curves show the absorption spectra obtained on 
single crystals which contain a small amount of bromine and iodine 
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Fig. 1 Optical absorption 
spectra of CdC12, 
CdC12:Br and CdC12:I observed 
at liquid nitrogen tempera-
ture. The solid and dashed 
curves show the absorption 
spectra obtained on a single 
crystals of CdC12:Br and 
CdC12:I, respectively. The 
chain curve gives the intrin-
sic absorption edge of CdC12, 
which was measured with very 
thin crystals. 
ions (0.1 mol %), respectively. Additional absorption bands appeared 
at 5.68 eV in CdC12:Br and at 5.03 eV and 5.44 eV in CdC12:I are lo-
calized excitonic absorption bands due to the doped halogen ions like 
as those well-known in alkali halide crystals such as KCl:I 2s ,26,27). 
Sharp rise of absorption around 5.8 eV is the intrinsic absorption 
edge of CdC12 which is shown in the figure by a chain curve for the 
undoped crystal. Intrinsic excitonic absorption band has its maximum 
at 6.30 eV. 
In Fig. 2 are shown the summarization of emission spectra and po-
larization characteristics of each emission band. Excitation was 
made with uv-light in the regions of intrinsic (for CdC12) and local-I 
ized (for CdC12:Br and CdC12:I) excitonic absorption bands. The 
emission spectra represented by solid and dashed curves were obtained 
at liquid helium (LHeT) and LNT, respectively. Only one prominent 
emission band was observed for each crystal with the peak at 2.25 eV 
in CdC12, at 2.20 eV in CdC12:I and at 2.65 eV in CdC12:Br. In the 
following, yellow luminescence around 2.2 eV is named the Y-emission 
and green luminescence around 2.6 eV the G-emission. Weak ultravio-
let (the UV-emission) is also descernible at 3.6 eV in the emission 
spectrum of CdClZ. The long tail on the low energy side of the G-
emission band in CdCI2:Br is due to the presence of the intrinsic Y-
emission of CdC12 at 2.25 eV. Since the 5.68 eV band overlaps 
with the intrinsic absorption tail, the uv-light in the 5.68 eV band 
creates intrinsic excitons of CdC12 as well as localized excitons at 
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Fig. 2 Emission spectra and degree of polarization of each emission band 
in CdC12, CdC12:1 and CdC12:Br obtained at LHeT and LNT. The 
lower part represents the emission spectra. Solid and dashed curves show 
the emission spectra obtained at LHeT and LNT, respectively. Excitation 
was made at 6.30 eV in the fundamental absorption region for CdC12 and 
at 5.03 eV for CdC12:1 and 5.68 eV for CdC12:Br in the localized excitonic 
absorption bands due to the doped halogen ions. Each emission band is 
named according to their spectral positions. The intensities of lumines-
cence are normalized to unity at the maximum. The upper part gives the 
values of degree of polarization, P , which is defined by the equation 
indicated in the figure, where It and 11 indicate the intensities of lumi-
nescence polarized parallel and perpendicular to the crystal c-axis, re-
spectively. Excitation was made with unpolarized light which was pro-
jected along the c-axis on the cleaved surface of the crystal. The emis-
sion was detected in the direction perpendicular to the crystal c-axis. 
The observed values of P was corrected for the inherent polarization 
characteristics of the experimental apparatus. 
Br -ions. 
In the upper part of the figure are shown polarization character-
istics of each emission band obtained at LHeT and LNT. Degree of 
polarization,p,is defined by P = - (Ib - I..L)/(I" + -IL), where II 
and ~ indicate the intensities of luminescence polarized parallel 
1ll 
and perpendicular to the crystal c-axis, respectively. Thus the emis-
sion with large values of P corresponds to the luminescence highly 
polarized perpendicularly to the c-axis. Excitation was made with 
unpolarized light which was incident along the c-axis on the cleaved 
surface of the crystal. Emission was detected perpendicular to the 
axis by using the calibrated apparatus described in the previous 
papperlB} The values of P are about 0.15 for the Y-emission in CdC12, 
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Fig. 3 The temperature dependence of 
degree of polarization of each 
emission in CdC12, CdC12:1 and CdC12:Br. 
Excitation was made with unpolarized 
light projected along the c-axis on the 
cleaved surface of the crystal and the 
emission was detected in the direction 
perpendicular to the c-axis. The 
observed values of P were corrected 
for the inherent polarization charac-
teristics of the experimental apparatus. 
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Fig. 4 The temperature dependence 
of the luminescence inten-
sities of each emission in CdC12, 
CdC1 2:Br and CdC12:I. Values of 
the luminescence intensity are 
normalized to unity at low temper-
atures. 
about zero for the Y-emission in CdC12:I and about 0.18 for the G-
emission in CdC12:Br. 
In Fig. 3 are shown the temperature dependence of P for each emis-
sion. The values of P are approximately constant within the experi-
mental errors in the region above 10 K. 
The temperature dependence of the luminescence intensities are 
shown in Fig. 4. Values of the luminescence intensity are normalized 
to unity at low temperatures, where the intensities of each emission 
are held constant independent of temperature. As the temperature 
rises, each emission is quenched by a thermally activated nonradia-
tive process. The emission intensities decrease rapidly above 60 K 
for the Y-emission in CdC12, above 170 K for the G-emission in 
CdC12:Br and above 190 K for the Y-emission in CdC12:I. 
In Fig. 5 is shown the temperature dependence of life-time of the 
Y-emission in CdC12_ Excitation was made by two photon absorption 
processes with the use of the N2-laser. The life-time l is defined 
in the present paper as the time interval during which the lumines-
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Fig. 5 The temperature dependence 
of life-time of the Y-emis-
sion in CdC12. Excitation was made 
with the light pulse from a N2-gas 
laser through two photon absorption 
processes. The life-time T is de-
fined here as the time interval 
during which the luminescence inten-
sity reduces to lIe as much as the 
initial one. 
cence intensity reduces to lie as much as the initial value. The 
life-time of the Y-emission in CdC1 2 is 380 ~s independent of temper-
ature below 60 K and decreases rapidly above 60 K. This temperature 
characteristics of life-time coincides with that of the luminescence 
intensity. 
In Fig. 6 and 7 are shown the temperature dependences of the G-
emission in CdC1 2 :Br and the Y-emission in CdC1 2 :I,respectively. As 
the excitation was made with N2-laser, excitons of the host lattice, 
CdC12, are created initially and may relax partially near the impuri-
ty ions, Br or 1-. The components a of 380 ~s in these figures co-
inside with that in Fig. 5 and are the same ones as the Y-emission of 
CdC12. The components b show peculiar behavior at low temperatures. 
As the temperature rises, the values of T of these components decrea-
se rapidly below 10 K and gradually between 10 and 170 K (CdC12:Br) 
or 190 K (CdC12:I). Above 170 K (CdC1 2 :Br) or 190 K (CdC12:I), the 
life-time decreases rapidly by thermal activation processes, which 
coincide with decreases of the luminescence intensity of the G-emis-
sion in CdC12:Br and of the Y-emission in CdC12:I, respectively. Thus 
the components b are related to the life-time of the G-emission in 
CdC12:Br or of the Y-emission in CdC12:I. Components c of 300 ~s, 
which appear in both systems of CdC12:Br and CdC12:I, decrease rapid-
ly above 180 K. Origins of these components are not so clear at 
present. 
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Fig. 6 The temperature dependence 
of life-time of the G-emis-
sion in CdCl2:Br. Excitation was 
made with the light pulse from a 
N2-gas laser through two photon ab-
sorption of the host lattice. The 
observed decay curves were decom-
posed to two or three exponential 
components, the decay times of 
which are plotted in the figure 
as a, band c. 
4. Discussion 
Cdel2 : 1 
~ ... ~ a\. .~) V-emis. 
~ i __ C_\ :EX~~laser 
~ ~. \ \1 
\ \ \ 
t- r-\ b .. 1 '~t... ••• ~ •• \ 
10 ~"' ... --, .... ~ ----1 
~ "\i\ 
\ 
\ 
'\ 
J 1~------~---------+---\----
~ \ \ 
\-
lOa 200 300 
TEMPERATURE T (K) 
Fig. 7 The temperature dependence 
of life-time of the Y-emis-
sion in CdCl2:I. Excitation was 
made with the light pulse from a 
N2-gas laser through two photon ab-
sorption of the host lattice. The 
observed ~ecay curves were decom-
posed to two or three exponential 
components, the decay times of 
which are plotted in the figure as 
a, band c. 
In various systems of cadmium halide, one or two emission bands 
a~e produced with the uv-light excitation12-19,2~). The peak energi-
es of these emission bands are summarized in Table I. These emis-
sions are classified according to their peak energies into three 
groups; the near-ultraviolet (UV), the green (G) and the yellow (Y) 
emissions, as indicated in this table. The values of life-time at 
10 K are also inc~uded in the table. They are short for the UV-emis-
sion and relatively long for the Y- and G-emission. 
In CdBr2 and CdBr2:I18), the UV-emission is dominant at LHeT and 
the Y- and G-emission are dominant at LNT. Their relative intensiti-
es are reversed around 60 K as the temperature increases. This type 
of the temperature dependence of luminescence is characteristic of 
the CdBr2-lattice and is called the CdBr2-type. In CdC12, CdC12:Br 
Table I. Peak energies and luminescence life-times in various systems 
of cadmium halide crystals. Values of life-time are those 
at 10 K except those in parentheses which were obtained around LNT. 
Samples Peak Energy Name Life-time 
(eV) (l1s ) 
CdC12 2.25 Y 380 
CdC12:Br 2.65 G 20, 300 
CdC1 2 :I 2.20 Y 40, 300 
3.30 UV -0.9 
CdBr 2 2.15 y -4, (20), 200 
3.35 UV -0.5 
CdBr2:I 2.52 G (4),(>8) 
2.50 G 7 
CdI 2 2.16 Y 6, 20 
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and CdC1 2 :I, only one emission band for each system appears in all 
temperature range and the luminescence intensity is held constant at 
low temperatures and decrease rapidly above certain temperatures by 
thermal quenching as shown in Fig. 4 in the present paper. This type 
of temperature dependence is characteristic of the host CdC12-lattice 
and is called the CdC12-type. In CdI219), the G-emission is dominant 
below 20 K and is surpassed in intensity by the Y-emission above 20K, 
which is characteristic of CdI 2 and is called the CdI 2-type. These 
facts indicate that the temperature characteristics of luminescence is 
inherent to the host lattice, CdC1 2 , CdBr 2 and CdI 2 . 
On the other hand, it has been shown in the previous papers on the 
absorption and luminescence in CdC12-CdBr217) and CdC12-CdBr2:I16) 
mixed crystals that the constituent halogen ions of the solid solu-
tions, Br- and Cl-, have important influences on the nature of lumi-
nescence and several number of halogen ions should be associatec 
with the structure of the RES in the cadmium halide crystals. It was 
proposed that the RES in the cadmium halide crystals can be described 
approximately by the excited states of the [Cd 2+X6J4--comPlex molecu-
lar ions, where X- denotes the halogen ion. 
It has been reported previously that the experimental results on 
the temperature dependence of the luminescence life-time and linear 
polarization in CdBr2 and CdBr2:I are well explained on this assump-
tion of a model for the RES in CdBr2
18 ). Thus it would be reasonable 
to attempt interpretation of the present experimental results in 
CdC12, CdC12:Br and CdC1 2 :I by assuming the same model for the RES, 
. [ 2+ -]4-the exclted states of the complex molecular ions, Cd X6 , as 
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Fig. 8 Schematic
4 
energy diagram of the 
[Cd2+CI6] --complex molecular 
ions. In the left side are shown the 
possible excitonic states in arbitrary 
positions. In the middle column are 
shown the excited states of the complex 
molecular ion in Oh symmetry, which 
correspond to the relaxed states of the 
excitons shown in the left si~~. These 
states split into those shown in the 
right side in the case of D3d symmetry. 
This energy diagram is drawn without 
taking the spin-orbit and electron-
hole exchange interactions into con-
sideration. Transitions shown by the 
dashed lines correspond to the UV-
emission which has not been confirmed 
in the CdC12 systems up to the present. 
CN and C~ correspond to optical 
transitions allowed with light polar-
ized parallel and perpendicular to the 
crystal c-axis, respectively. These 
polarized luminescence have been con-
firmed in the CdBr2 systems. 
in CdBr.2. 
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In Fig. 8 is shown a schematic energy diagram of the complex mo-
2+ - 4-lecular ions, [Cd C16] . Possible electron and hole configuration 
in the excitons are given in the left column of this figure. The 
excitons composed of a 3p hole on the chlorine ion and a 55 electron 
on the cadmium ion are created by the optical excitation directly. 
By the local distortion of the lattice caused by the creation of ex-
citons, the 4a level of the Cd 2+-ion is lifted above the 3p level of 
the Cl--ion to trap the holes stably around the CdZ+-ion sites. Thus 
it is also possible to create the (4a(Cd),55(Cd))-excitons through 
lattice relaxation after the optical excitation. In the complex mo-
lecular ions, these excitonic states split into several states as 
shown in the middle column of the figure, where, for example, the TIg 
state is an excitonic state with a hole on a nonbonding tIg molecular 
orbital derived mainly from the chlorine 3p orbitals and an electron 
on an antibondin& aIg orbital derived mainly from the cadmium 55 or-
bitals. In the present case of D3d symmetry, these states further 
split into the levels shown in the right column of the figure. 
As in the case of CdBrZ and CdBr2:I18), the G- and the Y-emission 
in the present system are connected with the parity forbidden tran-
sitions from the Eg(T1g ) and the Eg(Eg) states to the ground A1g(AIg ) 
state. The parity forbiddenness may be partially broken by some odd 
parity perturbations, such as odd parity lattice vibrations and/or 
lattice distortions. 
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Since life-time of the Y-emission in CdC1 2 does not depend on tem-
perature below 60 K as shown in Fig. 5, the odd parity lattice vibra-
tions are not effective to allow the transition related to this emis-
sion. Some lattice distor~ions, such as those ariSing from off-cen-
ter effects, should be taken into consideration. 
The b-components of the G-emission in CdC12:Br and the Y-emission 
in CdC12:I exhibit peculiar behaviors, which are not explained not 
only by lattice vibrations but also by static distortions. It may be 
nescessary to explain the temperature dependence of this component to 
take account of the dynamical behavior of certain lattice distortions. 
In the case Df CdC~ :Br and CdC12:I, a part of the Cl--ions in the 
complex molecular ion, [Cd 2+X6J 4-, would be substituted by the doped 
Br-- or I--ions. This will bring the considerable distortion into 
the molecular ions in advance, which is supposed to result the rela-
tively short life-time of the b-component compared with that of CdC12' 
the a-component. 
The odd parity lattice distortion described above should contain 
those of the Eu mode, which mix both Eu and A2u states to the Egstate 
to produce appropriate values of p according to the degree of the 
mixing. Another odd parity mode, the A2u mode, mix only the Eu state 
to the Eg state, which bring about luminescence perfectly polarized 
perpendicularly to the crystal a-axis. This is not the case of ex-
perimental results in the present case as shown in Fig. 2. 
The origin of the c-components in Fig. 6 and 7 is not clear at 
present. It is pOSSible, however, to connect these components to the 
spin forbidden transition from the 3Eg state to the lAl g state when 
taking the exchange interaction into consideration. Long life-time 
of these components compared with that of the b-component is in favor 
of this assignment. 
The UV-emission, which appears in CdC12 only slightly as shown in 
Fig. 2, may be connected with the parity allowed transition from the 
A2u state to the ground Al g state. In CdBr2 and CdBr2:Ils), where 
the UV-emission is dominant below 60 K, experimental results related 
to th~ temperature dependence of life-time and the polarization char~ 
acteristics of the UV-emission have been satisfactorily explained 
with this transition from A2u to A1g by introducing the spin-orbit 
and e~ectron-hole exchange interactions. In CdC12, this emission is 
very weak and its detailed nature has not been investigated up to the 
present. 
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5. Conclusion 
The experimental results on the luminescence life-time and linear 
polarization in CdC12, CdC12:Br and CdC12:1 are explained by assuming 
that the relaxed excitonic states in CdC12 are described by the exci-
ted states of the complex molecular ion consisting of a central cad-
mium and six neighboring chlorine ions, [Cd 2+C16J4-. The Y-emission 
and the G-emission in these systems are connected to the parity for-
bidden transitions from the Eg(Eg) and Eg(Tlg) states to the ground 
Alg(Al g ) state of the complex molecular ion. The parity forbidden-
ness is supposed to be broken by the odd parity lattice distortions 
of the Eu mode. 
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